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Abstract
Toe clipping and ear clipping (also ear notching or ear punching) are frequently used methods for individual
identification of laboratory rodents. These procedures potentially cause severe discomfort, which can reduce
animal welfare and distort experimental results. However, no systematic summary of the evidence on this
topic currently exists. We conducted a systematic review of the evidence for discomfort due to toe or ear
clipping in rodents. The review methodology was pre-specified in a registered review protocol. The population,
intervention, control, outcome (PICO) question was: In rodents, what is the effect of toe clipping or ear
clipping, compared with no clipping or sham clipping, on welfare-related outcomes? Through a systematic
search in PubMed, Embase, Web of Science and grey literature, we identified seven studies on the effect of ear
clipping on animal welfare, and five such studies on toe clipping. Studies were included in the review if they
contained original data from an in vivo experiment in rodents, assessing the effect of toe clipping or ear
clipping on a welfare-related outcome. Case studies and studies applying unsuitable co-interventions were
excluded. Study quality was appraised using an extended version of SYstematic Review Centre for Laboratory
animal Experimentation (SYRCLE)’s risk of bias tool for animal studies. Study characteristics and outcome
measures were highly heterogeneous, and there was an unclear or high risk of bias in all studies. We
therefore present a narrative synthesis of the evidence identified. None of the studies reported a sample
size calculation. Out of over 60 different outcomes, we found evidence of discomfort due to ear clipping in the
form of increased respiratory volume, vocalization and blood pressure. For toe clipping, increased vocaliza-
tion and decreased motor activity in pups were found, as well as long-term effects in the form of reduced grip
strength and swimming ability in adults. In conclusion, there is too little evidence to reliably assess discom-
fort due to toe or ear clipping, and the quality of the available evidence is uncertain. Adequately powered,
high-quality studies reporting reliable, relevant outcome measures are needed to accurately assess the
impact of these identification techniques. Until more reliable evidence is available, any effect of toe clipping
or ear clipping on animal welfare and study results cannot be confirmed or excluded.
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Rodents, especially mice and rats, are the most fre-
quently used laboratory mammals in biomedical
research.1 Within a species, they are often very similar
in appearance, and are usually housed in groups for
practical and welfare reasons. Individual identiﬁcation
of the animals is often necessary during breeding, daily
care or experimental procedures, and several identiﬁca-
tion methods are in regular use. Selection of the best
method of individual identiﬁcation depends on several
factors, including species, age, skin pigmentation, study
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duration, and the technical expertise available. The
ideal identiﬁcation method should be eﬀective and
practical, but should also be minimally invasive in
terms of pain and discomfort to the animal, since this
can reduce animal welfare and distort the experimental
results (discussed in the literature2). It is therefore
important to assess the eﬀect of identiﬁcation methods
on animal welfare.
Toe clipping is an individual identiﬁcation method
used mostly in mice, and which can be applied in new-
born and very young animals. The toe may be clipped
at the distal end of the second phalanx to remove the
entire nail bed, or a larger segment of the toe may be
removed.3 The removed tissue can be used for genotyp-
ing.4 Ear clipping or punching (notching) is used to
identify individual adult rodents (mostly mice and
rats). Using a special tool, holes or notches are made
in the ear according to a chart/system. The punched or
clipped tissue can be used for genotyping.4
Possible alternatives for identiﬁcation by toe or ear
clipping include microchipping and ear or tail tattoo;
but according to a recent survey,4 toe clipping and ear
clipping are the most commonly used identiﬁcation
methods in neonate and adult mice, respectively. Both
methods have a large and lasting impact on an animal’s
integrity, and are likely to cause pain and discomfort.2,3
Both methods also require restraint of animals and may
permanently aﬀect their welfare. For instance, toe clip-
ping might impair the rodent’s ability to grip, groom
and feed, as well as altering its gait. Ear clipping may
interfere with thermoregulation, and clipped ears may
be more susceptible to tearing and infection. The ethical
justiﬁcation for performing these methods therefore
continues to be a subject of heated debate. Although
many guidelines on the subject are available,3–7 the evi-
dence for discomfort caused by toe or ear clipping has
not been systematically reviewed. Narrative summaries
of evidence have signiﬁcant limitations, because the
methods used to identify studies are neither comprehen-
sive nor transparent, and the study quality is usually
not assessed. Systematic reviews can overcome many of
these challenges, because they are guided by a protocol
with explicit methods to identify, select, synthesize
(which may include meta-analysis), and appraise all
studies relevant to a particular research question. We
have therefore conducted a systematic review of the
evidence on discomfort due to ear and toe clipping, in
order to better inform animal researchers, welfare oﬃ-
cers, policy makers and other stakeholders when making
decisions on the choice of identiﬁcation method for
rodents. The population, intervention, control, outcome
(PICO) question was: In rodents, what is the eﬀect of toe
clipping or ear clipping, compared with no clipping or
sham clipping, on welfare-related outcomes (e.g. pain,
anxiety, physiological impairment, etc.)?
Materials and methods
Review protocol and amendments
The review methodology was pre-speciﬁed in a review
protocol and registered on http://www.syrcle.nl on 27
October 2015 (see8 and supplementary material). Minor
amendments were made to the review protocol: (1) in
addition to Google, we also searched for grey literature
in OpenGrey.eu and WorldWideScience.org, using all
possible combinations of the search terms ‘mouse’, ‘rat’
or ‘rodent’ with ‘toe’, ‘ear’, ‘phalanx’ or ‘clip’; and (2)
studies applying ear tags were included in the review,
since the ear is punched in this procedure and ear tag-
ging is also a relevant identiﬁcation method. However,
because of the presence of a tag, results of these studies
cannot be pooled with ear clip studies in which no tag is
applied.
Search and study selection
The full search strategy is presented in Table 1. In brief,
we performed a comprehensive search in PubMed,
Embase and Web of Science on 5 October 2015, using
the search components ‘toe, tail or ear’, ‘discomfort’
and ‘animal’. Studies were included in the review if
they met the following inclusion criteria: (1) the study
reported original data from an in vivo experiment using
rodents; (2) the eﬀect of toe clipping or ear clipping on
a welfare-related outcome was reported, compared with
a control group undergoing no intervention or sham
clipping; (3) the study was not a case study; and
(4) no unsuitable co-interventions were applied, e.g.
interventions completely unrelated to animal identiﬁca-
tion. Studies were eligible for inclusion regardless of
their use of analgesics or anesthetics. No data or lan-
guage restrictions were applied. We checked the refer-
ence lists of all included studies and relevant reviews for
additional references of interest. In addition, we per-
formed a grey literature search (see Study selection
below) and contacted the Dutch representatives of the
Federation of European Laboratory Animal Science
Associations (FELASA), as well as animal welfare oﬃ-
cers and professors in laboratory animal science in The
Netherlands, with a request to inform us about any
published or unpublished data on this topic.
Data extraction
Data were extracted by one reviewer (MB or FJG) and
checked by a second reviewer (KW), who read each
paper in detail to ensure that the extracted data were
accurate and that no information was missed. For
nearly all papers,9–17 data for one or more outcome
measures were extracted from graphs using digital
ruler software, because the numerical data were
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not reported. We attempted to contact the authors of
eight studies to provide additional information on
study characteristics and/or outcome data. We received
responses from three authors, who were able to (par-
tially) clarify study characteristics. Additional outcome
data were provided by one author.
Risk of bias and quality assessment
For studies using a separate control group, two
reviewers (KW and MB) independently assessed the
risk of bias and study quality using SYstematic
Review Centre for Laboratory animal
Experimentation (SYRCLE)’s risk of bias tool.18. In
cases of discrepancies, consensus was reached by dis-
cussion between the reviewers, with a third reviewer
serving as arbiter if an agreement could not be reached.
Selective outcome reporting (item #9) was not assessed,
since none of the studies reported the use of a study
protocol predeﬁning primary and secondary outcomes.
When assessing selection bias (item #3), groups within a
study were considered to be similar at baseline if the
sex, strain, age and weight of the animals did not sig-
niﬁcantly diﬀer between groups. For toe clip studies,
similar weight and age were required, because the fast
development of pups can cause large diﬀerences
between animals of diﬀerent ages, and the weight of
the pups inﬂuences the accuracy with which toe clipping
can be performed. For the ear clip studies, similar
weight or age was considered to be suﬃcient.
We also assessed reporting of any randomization,
reporting of any blinding, and reporting of a sample
size calculation as additional study quality indicators.
Because the risk of bias tool was developed for stu-
dies using separate control and treated groups, four
studies could not be scored due to incompatible study
designs (i.e. cross-over design or use of internal
controls).
Table 1. Comprehensive search strategies.
Embase ((Exp toe/ OR exp toe phalanx/ OR exp phalanx/ OR (toe OR toes OR phalanx OR toe phalanx OR
phalanges).ti,ab.) AND (exp amputation/ OR exp biopsy/ OR (amputat* OR biopsy OR biopsies
OR remov* OR clip* OR trimming OR notch* OR snip* OR phalangectomy).ti,ab,kw.) OR (Exp
ear/ OR (ear OR ears OR pinna OR auricle OR auricles OR vestibulocochlear apparatus OR
vestibulocochlear system).ti,ab.) AND (exp amputation/ OR exp biopsy/ OR (amputat* OR
biopsy OR biopsies OR remov* OR clip* OR trimming OR notch* OR snip* OR punch* OR
tag*).ti,ab,kw.)) AND (Exp animal welfare/ OR exp pain/ OR exp physiological stress/ OR exp
distress syndrome OR exp hyperalgesia/ OR exp anxiety OR exp animal behavior/ OR (welfare
OR wellbeing OR well-being OR pain OR stress OR stressful OR distress OR discomfort OR
disadvantage OR hyperalgesia OR anxiety OR fear OR behavior OR behaviour).ti,ab,kw.) AND
Ref 26
PubMed ((((toe phalanges[Mesh] OR toes[Mesh] OR toes[tw] OR toe[tw] OR phalanges[tw] OR phalanx[tw]
OR phalange[tw]) AND (amputation[Mesh] OR amputat*[tw] OR trimming[tw] OR biopsy[Mesh]
OR biopsy[tw] OR biopsies[tw] OR remov*[tw] OR clip*[tw] OR notch*[tw] OR snip*[tw])) OR
phalangectomy[tw]) OR ((ear[Mesh] OR ear auricle[Mesh] OR ear[tw] OR ears[tw] OR pinna[tw]
OR auricle[tw] OR auricles[tw] OR (vestibulocochlear[tw] AND (apparat*[tw] OR system*[tw])))
AND (amputation[Mesh] OR amputat*[tw] OR trimming[tw] OR biopsy[Mesh] OR biopsy[tw]
OR biopsies[tw] OR remov*[tw] OR clip*[tw] OR notch*[tw] OR snip*[tw] OR punch*[tw] OR
tagging[tw] OR tag[tw]))) AND (‘‘Animal Welfare"[Mesh] OR ‘‘Pain"[Mesh] OR ‘‘Stress,
physiological"[Mesh] OR ‘‘Hyperalgesia"[Mesh] OR ‘‘Anxiety"[Mesh] OR behavior[Mesh] OR
welfare[tw] OR wellbeing[tw] OR well-being[tw] OR discomfort[tw] OR (physiological[tw] AND
impact[tw]) OR disadvantage[tw] OR pain*[tw] OR distress*[tw] OR stressful[tw] OR
(adverse[tw] AND effect*[tw]) OR stress[tw] OR anxiety[tw] OR fear[tw] OR hyperalgesia[tw]
OR behavior*[tw] OR behaviour*[tw]) AND Ref 27
Web of Science (TS¼ ((toe OR toes OR toe phalanx OR phalanx OR phalanges OR phalange) AND (amputat* OR
biopsy OR biopsies OR remov* OR clip* OR trimming OR notch* OR snip*) OR phalangectomy)
OR TS¼((ear OR ears OR pinna OR auricle OR auricles OR (vestibulocochlear AND (apparatus
OR system))) AND (amputat* OR trimming OR biopsy OR biopsies OR remov* OR clip* OR
notch* OR snip* OR punch* OR tag*))) AND TS¼ (welfare OR wellbeing OR well-being OR pain*
OR stress OR stressful OR distress* OR hyperalgesia OR anxiety OR fear OR behavior* OR
behaviour* OR discomfort OR disadvantage) AND TS¼(animal experiment OR animal model
OR experimental animal OR transgenic animal OR male animal OR female animal OR juvenile
animal OR animal OR rodentia OR rodent OR rodents OR murinae OR mouse OR mice OR mus
OR musculus OR murine OR woodmouse OR apodemus OR rat OR rats OR rattus OR
norvegicus)
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Re-analysis of outcome data
Whenever complete outcome data could be extracted
or obtained (i.e. mean, variance and number of
animals per group for continuous outcomes, or the
number of events and non-events for dichotomous
outcomes) we re-analysed the data by calculating the
eﬀect size as a standardized mean diﬀerence (SMD) or
risk ratio (RR), for continuous and dichotomous
outcomes, respectively. We aimed to obtain pooled
eﬀect estimates of outcome measures reported by
three or more studies. However, no single outcome
was reported more than twice, and outcome and
study characteristics were too heterogeneous to pool
various outcomes. We therefore only report the SMD
and RR and corresponding 95% conﬁdence intervals
for the individual outcomes per study, without pooling
data. Eﬀect estimates were calculated using a random-
eﬀects model.
Results
Study selection
A ﬂow chart of the study selection process is depicted in
Figure 1. We identiﬁed a total of 2040 unique refer-
ences, 12 of which met the inclusion criteria. Two con-
ference abstracts met the inclusion criteria, but were
excluded because the data presented appeared to
match those in full research articles by the same authors
that were also included (and attempts to contact the
authors to verify this received no response). An add-
itional 48 potentially relevant references were identiﬁed
by hand-searching reference lists of included studies
and relevant reviews, and grey literature searching.
None of these references met the inclusion criteria.
One conference abstract appeared to be relevant, but
did not contain enough information to assess whether
an appropriate control group was used. The authors
were contacted for additional data, but these were not
supplied.
Study characteristics
The characteristics of the included studies are summar-
ized in Table 2. Out of the 12 studies included,
ﬁve (42%) were on ear clipping without tagging, two
(17%) were on ear clipping with tagging, and ﬁve
(42%) were on toe clipping. Ten (83%) studies were
performed on varying strains of mice, and two studies
were performed on rats (one on ear clipping and one on
toe clipping). The majority of studies (58%) used both
male and female mice, and a number of these studies
presented data separately for both sexes. In three stu-
dies, the sex of the animals was not reported. For ear
clip (including ear tag) studies, the animals were ado-
lescent or adult at the time of intervention (3–12 weeks
Figure 1. Flow chart of the study selection process. WoS: Web of Science.
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for mice and 25 weeks for rats). In toe clip studies, the
age at intervention ranged from postnatal day (PND) 3
to PND17 (median PND7). Thus, the age at the time of
clipping did not overlap between ear and toe clip
studies.
Most studies compared outcomes in the clipped
group(s) to a control group undergoing restraint only.
Three studies used the unclipped contralateral ear12,19
or toe17 as an internal control. One study20 described
the control group as being ‘untreated’, but whether this
included handling or restraint of the animals was not
speciﬁed. Two studies performed a secondary interven-
tion in the control group, in addition to restraint
(namely subcutaneous puncture9 and microtattoo of
the foot11), in order to better match the control group
with other experimental groups in the study.
Importantly, these interventions may have increased
the level of discomfort in the control group and there-
fore interfere with the comparison with the toe or ear
clipped group. The site of clipping was reasonably well
described, but heterogeneous: the paw chosen for toe
clipping diﬀered between studies. All ear clip studies
performed ear punching, except for one in which a
2mm band was clipped oﬀ the rim of the ear.15 The
number of ear clips applied was 1–2. The number of
clipped toes was 1–3.
Outcome data
The primary studies report a wide variety of outcome
measures related to animal welfare and discomfort.
Table 2 lists the outcomes and their direction of
eﬀect, as reported by the authors in the primary studies.
In many studies, a large number of outcome measures
were reported to be assessed, but the outcome data
were often not shown, or reported descriptively (‘ND’
in Table 2). For seven papers,9,12,14–16,19,20 one or more
outcome measures could not be re-analyzed because the
mean, variance and/or number of animals were not
reported. In three papers,9,12,14 conservative estimates
were made regarding the numbers of animals or the
variance of the data.
When an outcome was repeatedly measured in the
same animals, we re-analyzed data from the measure-
ment of maximal eﬀect. Thus, Figures 2–6 include the
following data from studies with repeated measure-
ments: (1) Castelhano-Carlos 2010:9 pre-weaning
body weight on PND21, post-weaning body weight in
Figure 2. Forest plot of continuous outcome data from ear clip studies. Effect sizes calculated as standardized mean
difference (SMD) and corresponding 95% confidence interval (CI), using a random effects model. h: hours; IL: interleukin;
GM–CSF: granulocyte macrophage colony-stimulating factor; TNFa: tumor-necrosis factor-a; IFNy: interferon-g.
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week 4 for males and week 12 for females; (2) Paluch
2014:14 body weight data in week 9 for males clipped at
PND7 and PND17, week 7 for females clipped at
PND7 and week 10 for females clipped at PND17;
(3) Castelhano-Carlos 2010:9 rotarod treadmill data
15 rpm velocity; (4) Vachon 1998:17 phalangeal length
data of the 3rd digit and phalangeal width data of
the 4th digit; (5) Kitagaki 2007:12 ear thickness at
26 weeks; and (6) Kasanen 2011:11 heart rate 16–24 h
and blood pressure 4–16 h after ear clipping. Raw data
of the forest plots are presented in the supplementary
excel ﬁle.
Ear clip studies. Overall, ear clip studies reported 15
diﬀerent outcomes (all measured in adults), the major-
ity of which were physiological parameters related to
discomfort (e.g. elevated heart rate and inﬂammation).
Two behavioral parameters indicating discomfort or
pain were reported (mouse grimace scale and vocaliza-
tion during treatment).
Mice were reported to vocalize more frequently
during ear clipping than during restraint only,21
and their respiratory minute volume was increased.15
No diﬀerences in heart rate, blood pressure, body
temperature and scores on the mouse grimace scale
were reported.10,13 Tagging with metal ear tags was
found to increase the metal content of the ear and
cause auricular chondritis,12 as indicated by an increase
in ear thickness and elevated cytokine levels. No eﬀect
on tumor formation was observed.19 In rats, blood
pressure and heart rate were compared between ear
clipping and foot microtattoo, with varying results:
blood pressure was increased at various time points
after ear clipping, while heart rate was higher in the
microtattooed animals.11
When re-analyzing the primary data from included
studies as SMD (Figure 2) or RR (Figure 3), no add-
itional eﬀects of ear clipping were found.
Toe clip studies. Overall, toe clip studies reported
nearly 50 diﬀerent outcome measures (Table 2).
Outcomes measured in pups can be divided into par-
ameters related to physical development (e.g. body
weight, development of fur and sexual maturation),
neurological development (e.g. righting and grasping
reﬂexes), signs of discomfort in pups or their mother
(e.g. vocalization during treatment and maternal rejec-
tion) and physiological parameters indicating discom-
fort (e.g. elevated corticosteroid levels and bleeding).
Outcomes measured in adult animals mainly cover
neurological and neurobehavioral tests (e.g. balance
beam and open-ﬁeld tests).
The majority of outcomes were reported to be
unchanged between toe clipped and control animals
(Table 2). In rat pups clipped on PND4, performance
in the wire suspension test on PND21 was found to be
decreased, indicating lower grip strength.20 Decreased
grip strength was also observed in adult mice that were
Figure 3. Forest plot of dichotomous outcome data from ear clip studies. Effect sizes calculated as risk ratio (RR) and
corresponding 95% confidence interval (CI), using a random effects model. Right-hand side columns indicate events from
total in treatment (clipped) and control groups.
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clipped as pups on PND3, but not in mice clipped on
PND7.16 No regrowth of toes was reported and the
thickness of the phalangeal bone was increased in toe
stumps.17
When re-analyzing the primary data from
included studies as SMD or RR, we found ﬁve add-
itional signiﬁcant eﬀects of toe clipping, namely:
increased vocalization, reduced motor activity and toe
swelling after clipping on PND7 in mice, impaired
adult swimming ability in rats clipped on PND4 (all
Figure 5), as well as a borderline signiﬁcant decrease
in post-weaning body weight for female pups clipped
on PND7 (Figure 4).
Quality assessment
The risk of bias and quality scores from the eight stu-
dies using separate control groups are shown in Table 3
(individual scores) and Figure 6 (overall scores).
Although randomization of group allocation was men-
tioned in seven of these studies (87.5%; Figure 6A), no
study speciﬁed the method of randomization (e.g. use
of a random number table). Three out of eight studies
(37.5%; Figure 6A) reported that the experimenter per-
forming the assessments was (partially) blinded to
treatment, or that he/she assessed the allocation of
the animals only after performing the outcome assess-
ment. The other studies did not mention blinding
Figure 4. Forest plot of continuous outcome data from toe clip studies. Effect sizes calculated as standardized mean
difference (SMD) and corresponding 95% confidence interval (CI), using a random effects model. f: female; m: male;
BW: body weight; PND: postnatal day; h: hour.
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during any phase of the experiment. None of the 12
studies included in this review reported a sample size
or power calculation.
Because of the poor reporting of bias reduction
measures, the majority of items in the risk of bias
tool were assessed as ‘unclear’ (Figure 6B).
Insuﬃcient reporting of (the method used for) ran-
domization led to an unclear risk of selection, perform-
ance and detection bias (items #1, 4 and 6). Baseline
characteristics of the animals were adequately
reported in two studies, in which we consequently
assessed the risk of selection bias to be low (item #2).
In all other studies, one or more baseline characteristics
were not reported, leading to an unclear risk of bias.
As regards blinding, we assessed the risk of perform-
ance bias (item #5) to be high in all studies, because
ear clipping and toe clipping are in practice
impossible to conceal when the intervention is per-
formed, or when the animal is subsequently handled.
For this reason, we also assessed the risk of detection
bias to be high in all studies (item #7), except for those
in which the outcome assessors did not necessarily
handle the animals. In the latter studies however,
it was unclear if measures had been taken to
adequately blind the outcome assessment, leading to
an unclear risk of bias. Attrition bias (item #8) was
assessed to be high in one study, where the numbers
of animals allocated and included in the various out-
come assessments could not be matched. Two studies
scored correctly reported dropouts, thereby scoring a
low risk of attrition bias. In the remaining ﬁve studies,
the risk of attrition bias was unclear. The risk of other
types of bias was considered to be low in all studies
(item #9).
Figure 5. Forest plot of dichotomous outcome data from toe clip studies. Effect sizes calculated as risk ratio (RR) and
corresponding 95% confidence interval (CI), using a random-effects model. Right-hand side columns indicate events from
total in treatment (clipped) and control groups. Note: a RR cannot be computed when there are zero events in both
experimental groups. PND: postnatal day; h: hours post-clipping.
Wever et al. 593
Discussion
Because of their expected impact on animal welfare, toe
or ear clipping are generally considered to be contro-
versial techniques and their performance is restricted or
even abolished in many animal laboratories. An abun-
dance of guidelines is available on toe clipping and ear
clipping, as well as other methods for individual iden-
tiﬁcation and genotyping (examples3–7). However, these
guidelines have, up to now, not been based on a sys-
tematic summary of all available evidence. Here, we
provide the ﬁrst systematic review of the evidence for
the eﬀect of toe clipping and ear clipping on rodent
welfare.
Available evidence and quality
Studies investigating the eﬀects of toe or ear clipping on
rodent welfare are in short supply, and highly hetero-
geneous. This heterogeneity is mainly caused by diﬀer-
ences in the population (males, females, various strains)
and the intervention (age at time of clipping, number of
sites clipped) under investigation, as well as the variety
of outcome measures assessed. Most of the reported
outcome measures showed no eﬀect of toe or ear
clipping on discomfort. Conversely, evidence indicating
discomfort is present for ear clipping in the form of
increased respiratory volume, vocalization and blood
pressure; as well as present for toe clipping in the
form of increased vocalization and decreased activity
in pups, and reduced grip strength and swimming abil-
ity in adults. However, several limitations of the pri-
mary studies limit the reliability of both the evidence
for and against an eﬀect on discomfort, and hamper
their interpretation.
Adequate reporting of methodological details in pri-
mary studies is crucial in order to determine the risk of
bias in these studies and to assess the quality of a body
of evidence. Our risk of bias assessment shows that the
laboratory animal science ﬁeld is no exception to the
insuﬃcient reporting of animal studies. We show that
poor reporting of various aspects of experimental
design resulted in most risk of bias items being assessed
as unclear. This is a matter of concern, since evidence
from preclinical animal studies indicates that lack of
measures to reduce bias can severely inﬂuence primary
study results.22 A high risk of performance and/or
detection bias is likely to be present in all included
studies, and this should be taken into account when
interpreting the results.
Figure 6. Risk of bias assessment and reporting of study quality indicators in eight included studies. (a) Reporting of any
mention of randomization, blinding or a power calculation. (b) The risks of selection, performance, detection, attrition and
other forms of bias were assessed using SYRCLE’s risk of bias tool. Although randomization and blinding were mentioned
in several articles, lack of reporting of the method used resulted in an unclear risk of bias for most items. Four studies
were excluded from the assessment because their study designs were not compatible with the risk of bias tool.
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Specifying the primary outcome in a study prevents
changing the primary outcome based on the study
results, thereby reducing the risk of bias due to selective
outcome reporting.23 Unfortunately, none of the
included studies deﬁned which of the reported out-
come measures was the primary outcome measure. In
addition, none of the included studies reported a power
calculation to support the number of animals used per
group, even though this key element of experimental
design is mandatory for approval by many animal
ethics committees. The sample size calculation should
specify the primary outcome measure, its expected
mean and variation, and the eﬀect size the authors
aim to detect. Doing so prevents the unethical use
of animals due to overpowering (using more animals
than necessary) or underpowering (using too few
animals, especially relevant in cases where no eﬀect of
the intervention is found). Furthermore, knowing the
planned sample size is often essential for assessing
the correct handling of dropouts and attrition bias.
At present, we are unable to assess whether any of
the studies were adequately powered to detect
diﬀerences between the groups in the outcomes under
investigation.
In one study,20 the exact intervention applied in the
control group was unclear, making it diﬃcult to inter-
pret the study results. In two other studies,9,11 the appli-
cation of a secondary intervention in the control group
may have introduced additional discomfort in these
animals, thereby masking the eﬀect of toe or ear clip-
ping. One study11 used a cross-over design, which can
introduce carry-over eﬀects that interfere with the inter-
vention under investigation. In addition, outcome data
are incompletely reported for many outcomes. We rec-
ognize that these inaccuracies are probably (partly)
caused by the fact that some of the included studies
were not speciﬁcally designed to assess the eﬀect of
toe clipping or ear clipping compared with handling
or restraint. However, this indicates once again that
studies speciﬁcally aimed to assess the eﬀects of toe or
ear clipping on welfare are very scarce.
As a result of these shortcomings, the eﬀects of toe
or ear clipping observed in a particular study cannot be
directly generalized to other studies, or the population
Table 3. Individual scores for study quality indicators and risk of bias assessment in eight included studies.
 Reporng  Risk of bias 
A
ny random
izaon 
A
ny blinding 
Sam
ple size calculaon 
Random
 G
roup allocaon (selecon) 
G
roups sim
ilar at baseline (selecon) 
Blinded group allocaon (selecon) 
Random
 housing (perform
ance) 
Blinded intervenon (perform
ance)* 
Random
 outcom
e ass. (detecon) 
Blinded outcom
e ass. (detecon) 
Reporng of dropouts (a
rion) 
O
ther biases 
Castelhano-Carlos 20109 Y Y N  ? L ? ? H ? H ? L 
Cinelli 200710 Y N N  ? ? ? ? H ? ? L L 
Iwaki 198920 Y N N  ? ? ? ? H ? H ? L 
Miller 201513 Y Y N  ? L ? ? H ? ? ? L 
Paluch 201414 Y N N  ? ? ? ? H ? H ? L 
Rasid 201215 N N N  ? ? ? ? H ? ? ? L 
Schaefer 201016 Y Y N  ? ? ? ? H ? H H L 
Williams 200821 Y N N  ? ? ? ? H ? ? L L 
Y: yes; N: no;?: unclear risk of bias; H: high risk of bias; L: low risk of bias; ass: assessment. *Blinding was not possible.
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of laboratory rodents in general. Until more reliable
evidence is available, any eﬀect of toe clipping or ear
clipping on animal welfare and study results can be
neither conﬁrmed nor excluded.
Implications for refinement
The current body of evidence is too small and too het-
erogeneous to reliably assess the inﬂuence of, for exam-
ple, species, age, sex, strain or clipping method, on the
severity of discomfort. In three studies, outcome meas-
ure analysis was performed separately for male and
female animals, but the observed eﬀects did not diﬀer
between the sexes.9,14,16 Schaeﬀer and colleagues found
that pups undergoing toe clipping on PND3 had a
lower grip strength than pups clipped on PND7,
which was attributed to the fact that the toes in three-
day-old pups are partially fused together, and are too
small to accurately clip the distal phalanx only, result-
ing in too much of the toe being removed.16 Based on
this ﬁnding, clipping would not be advisable before
PND3, but replication of this result is needed to con-
ﬁrm this. Studies performing clipping on PND420 and
PND59 have reported that the procedure was quick and
easy to apply, while our re-analysis of data from Paluch
and colleagues suggests that clipping causes discomfort
in seven-day-old pups (as indicated by increased vocal-
ization and decreased activity), but not in 17-day-old
pups. We conclude that the inﬂuence of age is presently
unclear and further research is needed.
One study14 tested whether spray-on vapocoolant
anesthesia could reduce pain during toe clipping, but
concluded that the spray glued the toes together, which
increased the risk of incorrectly clipping the distal phal-
anx of a single toe and increased discomfort due to
prolonged handling. Furthermore, the vapocoolant
interfered with hemostasis after clipping. Based on
these results, application of this analgesic agent would
not be advisable, but further research into suitable local
anesthetics and analgesics may be worthwhile.
Implications for laboratory practice
The advantages and disadvantages of toe clipping, ear
clipping, ear tagging and several other identiﬁcation
methods have been extensively described by specialist
working/research groups, such as FELASA,3,4 the
Norwegian Consensus Platform for Replacement,
Reduction and Reﬁnement of Animal Experiments
(Norecopa),6 and the joint BVAAWF/FRAME/
RSPCA/UFAW working group.7 The majority of stu-
dies identiﬁed in this review were also identiﬁed in
the 2013 FELASA report, except for Rasid 2012,15
and the more recent publications by Paluch 201414
and Miller 2015.13 However, current reports do not
present a systematic summary of the study characteris-
tics, including, for example, details on the experimental
design, control interventions and co-interventions used.
This is unfortunate, especially in view of the highly
heterogeneous character of the studies, which has
important implications for their external validity.
They also do not provide a complete overview of all
outcomes assessed, and it is unclear why some out-
comes are highlighted and others omitted. Perhaps
most importantly, no assessment of methodological
quality or risk of bias was performed in any of the
previous reports. Our systematic review addresses
these limitations, allowing the reader to properly
assess the reliability of the available evidence when
interpreting this evidence.
Of note, in their 2008 report on toe clipping in mice,
Norecopa reported that they had not been able to iden-
tify any studies providing electrophysiological or histo-
logical evidence on toe(tip) innervation in rodents that
would allow for an assessment of the pups’ ability to
feel pain at the time of clipping.6 We did not identify
such studies in our systematic search either.
Based on the available guidelines, there is inter-
national consensus that toe clipping should not be per-
formed after PND7, since pups become increasingly
active with age, which ampliﬁes the risk of incorrect clip-
ping and increases the level of restraint needed to cor-
rectly perform the procedure. This is independent of the
observation that phalangeal ossiﬁcation is complete
around PND18, after which clipping is hypothesized to
be more painful, although we found no data supporting
this theory directly. By contrast, ear clipping is advised to
be performed no earlier than PND14, due to the small
size of the ears before PND14. Thus, toe clipping and ear
clipping cannot be performed at the same age, and the
age at which individual identiﬁcation is needed is an
essential factor in the choice of toe clipping, ear clipping
or other alternative method for individual identiﬁcation.
Alternatives include tattooingormicrochipping for iden-
tiﬁcation, and hair biopsies or rectal swabs for DNA
sampling (an overview of methods is provided3). Most
of these techniques cannot be used in newborn or very
young animals and therefore cannot replace toe clipping.
In addition, some of these techniques may cause more
discomfort than either toe or ear clipping.9,11 Other fac-
tors inﬂuencing the choice of identiﬁcation method is
whether, and how much, DNA is required for quantita-
tive or qualitative genotyping, and whether the identiﬁ-
cation should be permanent or temporary.
Directions for future research
The present review identiﬁes a number of important
shortcomings currently hampering the interpretation
of the available evidence: (1) the low number of studies
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dedicated speciﬁcally to the assessment of discomfort
after toe or ear clipping; (2) the lack of standardization
of the chosen outcome measures; (3) insuﬃcient report-
ing of experimental detail, especially regarding justiﬁ-
cation of the sample size and measures to reduce bias;
and (4) incomplete reporting of outcome data. Thus,
further research is needed to provide reliable evidence
on the eﬀect of toe clipping or ear clipping on animal
welfare. In order for future studies to succeed, all of
these issues should be addressed.
Firstly, future studies should be aimed speciﬁcally at
assessing the eﬀect of toe clipping or ear clipping on
discomfort in laboratory rodents. Their design should
include appropriate control groups, preferably one
receiving no treatment (to provide a baseline) and one
receiving sham treatment with handling and restraint
only. No co-interventions should be applied apart
from the intervention of interest. The animals should
be handled and housed under the same circumstances.
Furthermore, it is presently unclear whether character-
istics such as species, strain, sex and age of the animals
inﬂuence outcome, and future studies should be specif-
ically designed and powered to reliably address these
issues.
Secondly, upon submitting a proposal for new animal
studies, researchers should provide rationale for their
choice of outcome measures, including details on repro-
ducibility and the optimal time point for outcome assess-
ment. Ideally, the relevance and reproducibility of
outcome measures used to assess discomfort and welfare
in pups and adult mice and rats should be validated and
discussed in the ﬁeld, so that consensus may be reached
and experiments may be standardized accordingly. We
hypothesize that a multicenter approach (e.g. the
MultiPART initiative; http://www.dcn.ed.ac.uk/multi-
part/default.htm) may oﬀer the opportunity to increase
power and standardization of future experiments.
Thirdly, aswe have shown, the urgent need to improve
the reporting andmethodological quality of (laboratory)
animal studies should be recognized. To this end, the
ARRIVE guidelines24 and the Gold Standard
Publication Checklist (GSPC)25 were published in
2010, but the reporting quality of studies included in
this review was low regardless of the year of publication.
Of note, the ARRIVE guidelines and GSPC do not spe-
cify howdetailed the reporting ofmeasures to reduce bias
should be, and SYRCLE’s risk of bias tool18 can provide
guidance on how to report measures to reduce various
forms of bias in various stages of an animal experiment.
This is especially important in studies on toe or ear clip-
ping, since these procedures are very diﬃcult to blind,
and the risk of biasing the study results is high unless
adequate measures are taken. Reporting of a sample
size calculation should be mandatory in the publication
of future studies, especially since studies on toe or ear
clipping need to be powered in order to reliably prove
or disprove an eﬀect on outcome. Finally, complete
reporting of data for all outcome measures, either in
the article, the supplementary material, or through
open access data repositories, is essential to reach reliable
conclusions in future studies, for the beneﬁt of science
and animal welfare.
Conclusion
Evidence on any eﬀect of toe or ear clipping on animal
welfare is too scarce, too heterogeneous and of insuﬃ-
cient quality to allow for reliable conclusions to be
drawn. Studies that do and studies that do not show
a welfare eﬀect from toe or ear clipping both suﬀer
from the same limitations: insuﬃcient reporting of
experimental detail (especially regarding justiﬁcation
of the sample size and measures to reduce bias); ﬂaws
in experimental design; a lack of rationale for, and
standardization of, the chosen outcome measures; and
incomplete reporting of outcome data. From an ethical,
as well as an economical, point of view it is essential
that future studies address these limitations. Until such
studies are available, we cannot conﬁrm or exclude any
eﬀect of toe clipping or ear clipping on animal welfare.
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Re´sume´
Le de´phalangeage et le perc¸age des oreilles (ou leur entaillage ou marquage) sont des me´thodes utilise´es
fre´quemment pour l’identification individuelle des rongeurs de laboratoire. Ces proce´dures entraıˆnent poten-
tiellement une geˆne qui peut re´duire le bien-eˆtre de l’animal et de´former les re´sultats des expe´riences. Il
n’existe toutefois aucun re´sume´ syste´matique des preuves a` ce sujet. Nous avons mene´ une e´tude
598 Laboratory Animals 51(6)
syste´matique des preuves de la geˆne due au de´phalageage ou au perc¸age des oreilles des rongeurs. La
me´thodologie de l’e´tude a e´te´ pre´cise´e a` l’avance dans un protocole d’e´tude de´pose´. La question PICO e´tait :
chez les rongeurs, quel est l’effet du de´phalangeage ou du perc¸age des oreilles par rapport au non-perc¸age
ou au faux perc¸age, en matie`re de re´sultats relatifs au bien-eˆtre ? Par le biais d’une e´tude syste´matique sur
Pubmed, EMBASE, Web of Science et la litte´rature paralle`le, nous avons identifie´ plusieurs e´tudes sur les
effets du perc¸age des oreilles sur le bien-eˆtre animal, et cinq e´tudes de ce type sur le de´phalangeage. Les
e´tudes ont e´te´ incluses dans les re´sultats si elles contenaient des donne´es d’origine issues d’expe´riences
in vivo sur des rongeurs, pour e´valuer les effets du de´phalangeage ou du perc¸age des oreilles sur les
re´sultats en matie`re de bien-eˆtre. Les e´tudes de cas et les e´tudes appliquant des co-interventions inappro-
prie´es ont e´te´ exclues. La qualite´ de l’e´tude a e´te´ e´value´e en utilisant la version e´tendue de l’outil de risque de
partialite´ SYRCLE pour les e´tudes animales. Les caracte´ristiques de l’e´tude et les mesures du re´sultat e´taient
extreˆmement he´te´roge`nes, et il existe un risque impre´cis et e´leve´ de partialite´ de toutes les e´tudes. Nous
pre´sentons par conse´quent une synthe`se descriptive des preuves identifie´es. Aucune des e´tudes ne men-
tionnait de calcul de la taille de l’e´chantillon. Sur plus de 60 re´sultats diffe´rents, nous avons trouve´ des
preuves de geˆne suite au perc¸age de l’oreille sous la forme d’un volume respiratoire supe´rieur, la vocalisation
et la pression sanguine. Concernant le de´phalangeage, une vocalisation accrue et une activite´ motrice infe´r-
ieure a e´te´ observe´e chez les souriceaux ainsi que des effets a` long terme sous la forme d’une force re´duite
de pre´hension et des capacite´s de nage infe´rieure chez les adultes. Pour conclure, il existe trop peu de
preuves pour e´valuer de manie`re fiable la geˆne due au de´phalangeage ou au perc¸age des oreilles et la qualite´
des preuves disponibles n’est pas pre´cise. Des e´tudes de qualite´ e´leve´e et suffisamment approfondies
indiquant des re´sultats fiables et pertinents sont requises pour e´valuer de manie`re pre´cise l’impact de ces
techniques d’identification. Jusqu’a` ce que des preuves plus fiables soient disponibles, un effet du de´pha-
langeage ou du perc¸age des oreilles sur le bien-eˆtre des animaux et les re´sultats de l’e´tude ne peuvent pas
eˆtre exclus ou confirme´s. Cette e´tude a e´te´ finance´e par l’organisation ne´erlandaise de la recherche et du
de´veloppement me´dical (#114025500).
Abstract
Zehenmarken und Ohrlochung (auch Ohrkerbung, Ohrstanzen) sind ha¨ufig verwendete Methoden zur
Identifizierung von einzelnen Labornagern. Diese Prozeduren verursachen potenziell starke Beschwerden,
die das Tierwohl beeintra¨chtigen und Versuchsergebnisse verzerren ko¨nnen. Gleichwohl existiert derzeit kein
systematischer U¨berblick u¨ber die Evidenz zu diesem Thema. Wir fu¨hrten eine systematische Bewertung
der Evidenz fu¨r Beschwerden aufgrund von Zehen- oder Ohrmarken bei Nagern durch. Die
Bewertungsmethodologie war in einem registrierten Bewertungsprotokoll vorgegeben. Die PICO-
Fragestellung war: Welche Auswirkung hat Zehen- oder Ohrmarkierung bei Nagern gegenu¨ber keiner
Markierung bzw. Scheinmarkierung auf tierwohlbezogene Ergebnisse? Anhand systematischer Recherche
in Pubmed, EMBASE, Web of Science und Grauer Literatur identifizierten wir sieben Studien zu
Auswirkungen von Ohrmarken auf das Tierwohl sowie fu¨nf derartige Studien zu Zehenmarken. Studien
wurden in die Bewertung einbezogen, wenn sie Originaldaten eines In-vivo-Experiments mit Nagern enthiel-
ten und die Auswirkung von Ohr- oder Zehenmarken auf einen tierwohlbezogenen Outcome beurteilten.
Fallstudien und Studien unter Einsatz ungeeigneter Ko-Interventionen wurden ausgeschlossen. Die
Studienqualita¨t wurde mithilfe einer erweiterten Version des SYRCLE Risk of Bias Tools fu¨r Tierstudien
ermittelt. Studienmerkmale und Ergebnismessungen waren sehr heterogen und es gab ein unklares oder
hohes Verzerrungsrisiko in allen Studien. Wir pra¨sentieren daher eine beschreibende Synthese identifizierter
Evidenz. Keine der Studien berichtete eine Fallzahlplanung. Bei u¨ber 60 unterschiedlichen Ergebnissen
fanden wir Evidenz fu¨r Beschwerden aufgrund von Ohrmarken in Form einer Erho¨hung von Atemvolumen,
Vokalisierung und Blutdruck. Fu¨r Zehenmarken wurden erho¨hte Vokalisierung und verminderte motorische
Aktivita¨t bei Jungtieren ermittelt, ebenso wie Langzeiteffekte in Form reduzierter Greifkraft und
Schwimmfa¨higkeit bei adulten Tieren. Als Fazit la¨sst sich feststellen, dass zu wenig Evidenz verfu¨gbar ist,
um eine zuverla¨ssige Bewertung von Beschwerden aufgrund von Zehen- oder Ohrmarken zu geben und
dass die Qualita¨t verfu¨gbarer Evidenz zweifelhaft ist. Es bedarf ada¨quat gepowerter, aussagekra¨ftiger
Studien, die zuverla¨ssige, relevante Ergebnismessungen berichten, um die Auswirkungen dieser
Identifizierungsmethoden akkurat bewerten zu ko¨nnen. Solange keine verla¨sslichere Evidenz vorliegt, kann
ein Einfluss von Zehen- oder Ohrmarken auf Tierwohl und Studienergebnisse weder ausgeschlossen
Wever et al. 599
noch besta¨tigt werden. Diese Forschungsarbeit wurde von der niederla¨ndischen Organisation fu¨r
Gesundheitsforschung und -entwicklung finanziert (#114025500).
Resumen
El corte de dedos y orejas (corte o perforacio´n en orejas) suelen ser me´todos habituales para la identificacio´n
de roedores de laboratorio. Estos me´todos potencialmente causan una gran molestia, lo cual puede reducir el
bienestar del animal y alterar los resultados de los experimentos. No obstante, no existe ningu´n resumen
sistema´tica de la evidencia de este tema actualmente. Llevamos a cabo una revisio´n sistema´tica de la
evidencia de molestias debido al corte de dedos u orejas en roedores. La metodologı´a de revisio´n fue pre-
especificada en un protocolo de revisio´n registrado. La pregunta PICO fue: En roedores, ¿cua´l es el efecto de
recortar dedos u orejas en comparacio´n a no recortar o a un recorte simulado en lo referente a los resultados
relacionados con el bienestar? A trave´s de una bu´squeda sistema´tica en Pubmed, EMBASE, web de ciencias y
literatura no convencional, identificamos siete estudios sobre el efecto del recorte de orejas en el bienestar
animal y cinco estudios sobre el corte de dedos. Se incluyeron estudios en el documentos si contenı´an datos
originales de un experimento in vivo con roedores, evaluando el efecto del corte de dedos u orejas en un
resultado relacionado con el bienestar. Se excluyeron estudios de caso y estudios que aplicaran cointerven-
ciones no adecuadas. Se estimo´ la calidad del estudio utilizando una versio´n ampliada del riesgo SYRCLE de
herramientas de parcialidad para estudios con animales. Las caracterı´sticas del estudio y las medidas de los
resultados fueron altamente heteroge´neas, y existı´a un riesgo alto o impreciso de parcialidad en todos
los estudios. Por tanto, presentamos una sı´ntesis narrativa de las evidencias identificadas. Ninguno de los
estudios indico´ un ca´lculo de un taman˜o de muestra. De entre ma´s de 60 distintos resultados, encontramos
pruebas de molestias al cortar orejas que se expresaban con un aumento del volumen respiratorio, la
vocalizacio´n y la presio´n sanguı´nea. Para el corte de dedos, se encontro´ una mayor vocalizacio´n y una
disminucio´n de la actividad motriz en crı´as, adema´s de efectos a largo plazo con una reduccio´n de la
fuerza de agarre y la capacidad de nadar en adultos. En conclusio´n, hay muy pocas pruebas para evaluar
de forma fiable cualquier molestia al cortar dedos u orejas, y la calidad de las pruebas disponibles es dudosa.
Se requieren estudios de alta calidad y con un poder adecuado para informar sobre medidas de resultados
relevantes y fiables con el fin de evaluar el impacto de estas te´cnicas de identificacio´n. Hasta que no haya
disponible ma´s pruebas fiables, las consecuencias para el bienestar animal al cortar dedos y orejas y para los
resultados de estudios no pueden excluirse ni confirmarse. Este estudio fue financiado por la Organizacio´n
para el Desarrollo e Investigacio´n Sanitaria de los Paı´ses Bajos (n 114025500).
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